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Preface 


This report presents a set of tables and graphs of 
probabilities relating to an anti-aircraft defense situa- 
tion in which the defensive forces receive information on 
some, but not all, of the attacking aircraft ("targets"). 
The magnitudes tabulated are defined at the beginning of 
each table. The tables cover a wide range of parameters; 
the graphs pertain only to selected values of the param- 
eters. 
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TABLE I 
Loss in Attrition 


Due to Degradation of Information 


d(T,t) = E(T)-E(t) = T[1-(1- Dad - t{1-(1- 428) 


for B = Number of batteries = 10, 20, 30, 40 
T = . " targets = 307 20,013), 20 
a Mi " targets on which the defense is informed; 
VT = 42.) .4¢0 66 ,.8 
a = Probability that a target, if assigned to a battery, 


will survive fire from that battery 
(= engagement survival probability); given by 


a= oe les 


p = Characteristic (single-shot) kill probability = 
Be Oa cas ail gt. oD 


m = Number of shots available to all batteries combined; 
m/B = shots per battery =1, 2, ..., 8. 


The function d(T,t) measures the following magnitude: 
Assume B batteries opposing T targets, where the batteries 
have information on only t targets. Each battery is assigned 
at random to one of the t targets, then stays assigned to it 
for the duration of the engagement, firing m/B rounds, each 
with kill probability p. (Thus a is the survival probabil- 
ity of a target assigned to one battery.) Then d measures 
the expected loss in attrition due to the degradation of in- 
formation, i.e., the expected number of targets killed in the 
case of no degradation, minus the expected number of targets 
killed in the presence of degradation. 


Selected values of this function are presented graphi- 
cally in Figures 1-6, pp. 28-30. 
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E(T) - E(t) 
E(T) = T[1-(1-228)°} 
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TABLE II 
Remaining Attrition 


After Degradation of Information 


elt-G- 2) 4) 


Number of batteries = 10, 20, 30, 40 

" " targets =(o,0L0- 15, 20 

° " targets on which the defense is informed; 
t/t =—- 2, £4, .65 os 
Probability that a target, if assigned to a battery, 
will survive fire from that battery (= engagement 
survival probability); given by 


me=9 (=e )2/= 


Characteristic (single-shot) kill probability = 

Io! gosh 2 Dam, il 5.69 

Number of shots available to all batteries combined; 
m/B = shots per battery =1, 2, ..., 8. 


This function E(t) measures the expected number of tar- 
gets killed, under the same assumptions as those underlying 
Table I. 


Selected values of this function are presented graphi- 


cally in Figures 7-12, pp. 31-33. 
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TABLE III 
Remaining Attrition 
After Reserving Batteries to Allow for 


Degradation of Information 


Bere ep se CS tesyP t/t 
for B = Number of batteries = 10, 20, 30, 40 
= - " targets =o, Lo," Lo. 2e 
(NSS e " targets on which the defense is informed; 
feo ee A WS oS 
a = Probability that a target, if assigned to a battery, 


will survive fire from that battery 
(= engagement survival probability); given by 
+ ep eS 
p = Characteristic (single-shot) kill probability = 
pay aes —'s i or a) 
m = Wumber of shots available to all batteries combined; 
m/B = shots per battery =1, 2, ..., 8. 


The function D(T,t) measures the following magnitude: 
Assume a Situation like that assumed in Table I, with the 
difference that not all batteries are assigned to targets. 

The defense, knowing that it has information about only a 
fraction of all targets, assigns only Bt/T of its B 
batteries, holding the remaining batteries in reserve. Then 

D measures the expected number of targets killed by the Bt/T 
assigned batteries. 


Selected values of this function are presented graphi- 
cally in Figures 13-18, pp. 34-36. 


~19— 


iy a oa ce in A ne 


:, Hy 5 “alll J - +. a 
at WoItA oF aot at elias x09 aA a 


he ee 


noltaniotal ts _sokadiigenes ae me 
‘Gudan lie 


he mr \ ch 


. “ 
ry on _ 
BY t al MP bh 4 
° ‘ . *. : \ 
7 Crs § Ls : fF aes iF ¥ a + tA, 
Fl 
P oe 
-* 
a 
« t ™ ¥ +, a an @ 
TGS CeVvin ;.w7cizvadactots 
i) oo 
J esi. 7 
—_ t » y f - : { “} \ 
= ‘ bo ’ Lia — 
4 
- : : 
we we fA ’ a oe a w a a ™ 4, 4 
zn 
*® e t “ 
hw . ‘ ~ Fr " — } ae Ve o — 
¥ { E . ™ i ie rn J <~ —_— 
Pt ee | 4 j j We te lhe Wk 7 es. aha » emir \Vets Ge “ : 
2 r . 7p y ai y , ‘ 
~ oe oe ; : P . ei a b . _ ° ub 7 j ‘ 
é : , F f ev e 4 = ‘ 
Sey ast . PhO BE OS ee FRR “. 2a 
: | ~ > 2 ui t 7 ’ 
; ee ‘ i. 7 POG. 
* " 7 i" La 
» | * ° Ye ony ¥ ° - r i 
a } i os) tA 2 el - ’ ve 04 an J a f Pat 
"% th rv, OF we | on Tw " oa ‘ —s i - a m 7 a ae 
oS 4 ye , aft a i ee ee <4 sh. ‘ 
“~~ : » ae * " ¢ 5 he ol ail ' — . i 
ae - es Coo ors 16. , anh tat eee + Otis - 
x 


 tedava Be 


l-a Bt 
D(T,t) = t{1-(_--—>) T] 


m/B ! 
BT tp 1 2 3 6 7 8 
1005 01 2 OO«& 00.6 00-7 00-8. 00.9. 00.9. 01.0 01.0 
100501 <2 0005. 00.6 0029. 00.9. 01.0 01.0 01.0 01.0 
10 05 01 «5 0008 00-9. 01.0 O1-60 01-60 01-0 01-0 01.0 
10 05 01 cf O0c9 O100 01-0 01-0 0100 01-0 01-0 01.0 
10 05 01 09. G1.0 01.60 01.00 O10 01.0 C1600 01-00 01.0 
100502 © GO]. Olol O15 ©0145 01-6. O167 O1-T. 01.8 
1905 @ -5 01.0 O18 01.6. o1.7. 01.8. 01.8 01.8 01-8 
1005 @ -5 Olek O1-7 01-8. 01-8 0169 0129 0169 0109 
1905 2 <7 @126 01-8 01469 0169 0149 0169 QF 0149 
1905 @ .9 91.8 01-69 0169 01-69 0129 O1469 O169 01.9 
100503 2 1-0 01-6 02.0 @2 02.3 C4 2-5 2.6 
10 05.03 <3 Ole WO 2-3 2-5 O-6 0206 O2-7 Of 
10 05 03 05 0200 0265 0206 27 O2-7 eT O2-f O2eT 
10 0503 -f O2@h O&.7 Of We] @-T Ceol C2ef Cel 
10 05 03 9 02 6 02 ef Cel Wof Q2 ef 02 of 02 ef 02 ef 
1005048 2 0163 Ool 0206 (2.9 0361 OF2 0305 OF ok 
10 05 Ok 03 O1¢e9 Oeof 0300 0365 OF e4 05305 05305 OF 05 
10 05 04 .5 2. 032 O5e4% 0305 0306 0306 03.6 03-6 
10 05 Ok of O3cl 0305 0566 0366 03-6 0366 0306 03-6 
10 05 Ob 09 0325 0306 0306 0306 03-6 0326 03-6 03.6 
1010 C2 2 OOck OOef 0069 0160 Olel O12 O105 O15 
10 10 C2 63 0066 00069 Olel 0162 01653 Ol ob Ol oh  O1 of 
1919 @ «5 00.9 O12 Old Olek O1-65 O10e5 O15 O15 
Jo40 8 <7 C12  Giek O165 O1eD OF 05 Died O1-5 O1e5 
40 @ «9 Gi 01465 0165 0165 01-65 O1e5 O1e5 0165 
10 10 O% 2 O0c7 O1e3 0166 0109 OC2cl C22 02-3 Woh 
1010 Ob <3 Olel Ole7 @eO0 205 OP ek 02.5 02-6 0206 
1010 Ok 65 O1-7 Gee @e5 C6 C2. Cel CBof Bel 
194008 .7 Gel ©.6. CT @-7 C2. C7 C2-f ei 
1010 Ob 09 02-6 @e-7T Cel el CCol Cel ef Cel 
1010 06 2 Olel 0109 Go CoB OF el 0303 OF eo} 05-6 
1010 06 3 0166 05 0300 0303 0365 0367 05-8 03.8 
1010 06 65 O2@oh 0303 O5e% 0368 0369 ObeO O4-0 04-0 
10 10 06 «7 O3e1 0308 0309 04.0 O4.0 O40 O40 04.20 
1010 06 09 O3e7 O%.0 O%.0 O40 O40 O4.0 O40 O40 
1010 08 2 0165 Oe5 03-2 O37 O40 O43 O45 O4e7 
1010 08 63 cl 0363 O40 Ohok Ob-7T O49 0500 O5e1 
1010 08 5 03.2 Oboe O46 05.0 052 052 05-2 0502 
1010 08 .7 Oh2 0500 0502 052 052 0522 0505 0505 
1010 08 «9 Ok8=.9 O52 O52 0505 05-5 0505 05-5 0565 


-20- 


} ¢ 
a? Py « a 2, 
. Pe 
~ mA. om #, get mee at ale ie 
» * MW 
= ni as ~~ dl : + 
| | “tego. 00 , 


. _ Ow 10 Gs Te ‘oO & to OOo 5.au a ww ¢ 
Oe 10: Ge ™ Oe i in Oe 1 e OO) a 1. e 
ft ae wy GP} Me sealed | Oe i @. 


9 
2¥ ¢ 7 


Avant ee 
Sf &t., ie Doll : 
Je! » oy Te 1G On 1 & tO Be. Te ; 
ea. | » TQ Ca is Pe 1} 7 o Oey Pigs, Y ro 
 & um em CO em 
mt 2 GQ ?. LL) Cet Qs “0 1 ad i 


ees 
BeBe 


YP 


‘ 2. & QO. & & (ge mr ve Che 18) Me: te 
| 730 3! a,. 0 8 & oo 490 2% 
} . io S&S : } ° C \ 1. se “ « 2 a ~ SO “ aM 
2 roo voc ro LS tee gol a. 2 | 
1 Tes “SO TS “Sao Tom a fii 


‘arn: 

* 3 
"ru 
a 


71 
* 


CS 
ae ‘ 
a) 


Pe CU “eo CU S ft ie CE <> & le Sod ‘fi te 
R80 BkO C.D OO GE Oe Sa ei 
7 WEG OF O00 4.20 Be 
% ct , J a «i iJ ; o Me Cy ey : ay: eS 
gj ecu oe eke : Sedo | 


<a ta a ee 
. « i . e 

ESSERE 
co coc 
Saye | 

a > ht 

og 


eGR. ‘oo “he 00 om 
he . Co fr Sef i fe Ry go Oe OO €é 
» e210 TD ee) te RL00 aa 
e.fO' @ att BM Sf h 
 @.70 & 0 Ge we Bw eo 


-/ # re ~ ne Sa) halk am va ft 
x» | f> Se , ete Ge Ge Fo 
7 ' ™~ baal ke ih, 5 . ‘i 
eX ~ SD Tote yin Oe» SO 
i. 2 ) WS o Te ws yt. 90 
i se * 
, ( ‘ie ip 
ea > 


A Pw C4) w hy ; ahi yw 
Bcc 8. a) Tete Ach Bee: cS cau 

On Oto Oat @, a hte & ‘aoe er 

Ge BY ee Oe co Cay Bee e ED: . ca 

G46 Hed Ono ORO Oe By aed ; 

5 eh . i j iv 

he#O 8.80 Eel oe We. 

29 GCG B40 hele boul ook 

SEO SEO SEO ‘'SE0 a) 

Ge Ee ZO GE v 

Da vi. bak ia i 


Jit aie PAS me ets ie ose at tons RT a ay y ee 


Bt 
D(T,t) = t{1-(1-458) T} 
m/B 

BT tp 1 2 3 4 6 7 8. 
101503 2 OOoh O0cf 00-9 Olel O12 O165 Ol ob O1 o& 
10 15 03 03 00.6 0069 O12 01-5 Olot 0165 01-6 01.26 
leis) oS) 0029" O1.5> C145 01.6 OF.6) 07.6) O17) Ol el 
ieeloGs) «ft! G22 «OF=5) 01.6) 01.7) O17? OF<T Olef) OT 7 
10/15 05 o9 G15 OFT) OVeT Ole? Ole Olef Olef | Des 
101506 2 00-8 01.3 O1-7 @.0 @.3 @.5 @.-6 @.7 
101506 4 of.1 Of.6 @2 @.5 @.7 @.8 @.9 05.0 
101506 .5 01-8 02.5 02-8 03.0 03-00 O5el O3el O35el 
19415 OG cf) C265) 0229) O50) 0541 05-1 3605-07 05 HT 
101506 99 9 0501 OFcel 0501 OFel OF5el OFe1 0301 
101509 2 Oe1 02-0 @.6 03.0 03-4 05.6 03-8 08.0 
101509 0 Ole? O2cef 0325 OFet O4-0 O48. O4.5 Oho} 
101509 55 @.6 O5ce7 Okel O84-45 O8.5 O465 O8-5 O45 
101509 «7 0365 O4-3 O45 O4e5 O4.6 O4.6 O4.6 04.6 
101509 .9 O42 O85 O4-6 Ch.6 O46 O4.6 04-6 04.6 
101512 2 O1-e5 206 03-4 O8%.0 Ob O48 05.0 052 
101512 - @2 03-5 Oheh O49 052 0565 05-6 05-8 
191512 65 0365 0468 0565 O57 0509 0509 06.0 06.0 
101512 of O46 0506 0509 0600 06.0 06.0 06.0 06.0 
101512 9 0566 0600 06.0 06.0 06.0 06.0 06.0 06.0 
10 20 Oh 2 OO O0-.7 00-9 Oot O12 O145 Ole 01.5 
10 20 o8 3 00- erie. O12 och! O165° «6G1L6° OFL6 «=OTST 
10 20 O8 65 0009 O1e% 01-66 Ole? Ole? Ole? Ole? O17 
10.20 G4) .7F! O65" O26 O1 eT Det? OPCS. OCS OUST OST 
Jee so? OPae) «6OTsr «Ol et) = (OTe. OSES «6OVET Olt) «(OF of 
102008 2 00-8 01.45 01-8 @.1 Wek 2.6 @.7 02.8 
10 20 08 65 Olel) «601-09 C23 806 2-8 053.0 03-1 052 
10 20 08 .5 01-8 02-6 03.0 0501 032 0345 OF5-5 0565 
10 20 08 .J ©@.5 O3cel O32 0305 0305 OF 03 0305 0565 
10 20 08 69 0300 0365 035 0365 0365 O303 03503 0505 
102012 2 O12 0 @6 O3el 03-5 03-8 04.0 O4.2 
10 2012 3 Oley C8 OF % 209 O4.2 O44 O46 O8-7 
10 2012 05 0267 0569 Okek O66 04-8 O88 O409 O49 
10 2012 -7 03.6 O45 O88 O8%8-8 O48-9 O4-9 O49 O49 
10 2012 09 Oh.e5 O4-8 04-9 O84.09 O89 Ohe9 O4-9 O4-9 
102016 2 0165 c7 0305 O82 O4-7 05-0 0503 0506 
10 2016 63 O2c2 0307 O46 0562 05-6 05-8 06.0 06.2 
10 20 16 05 0306 O5¢1 05-6 061 06.3 O64 O64 O64 
10 2016 «7 O48 06.0 0663 0664 0604  O604h 06.5 0665 
10 2016 09 0529 0604 060% 0625 06.5 0665 0605 065 


4 y 
( } 
,. 
ns 
4 Dy 
i 
es! 
. 
ays 
- y 
lone net 
f 
7 lesley “ 


"A008 > 8 


"(eG ee OOO fe 


‘ Ta: a 
. ) F iis Sf, At ‘. 
on eee Bate 
5 ee Rose 


& faa - : ‘8 o pe i / ton 
| , Peto te ‘ei oe bs 
‘ | Co HC x Q Teo GD, 
4 Ry i >) ih Ma € ; Pe 


4 _* 
\ nm . F ‘7 
a > ike BS wo 


. 
ie S's 


se fos Ce SO Se i te ro & 

t i ¥ ’ | "1 ~<c 
we ¥E0 (4480 eee 7  . 5, fo) eae 
mas WV) Ge ie ie. |. to) J be 
{_ a?) -— iw ~~? f ; 4 ie t a a: RO . 
i 1 i a } a % 1°) iv iy ; F a rt 


} . >) he ol 


ys | Bia Mi, 
Ore ety 


D(T,t) = 
1 2 
00.6 06.6 
00-8 00.9 
00-9 01.0 
OF. 020 
O01. . 01.0 
Ole? 01 06 
01.5 1.8 
01-8 @.0 
Oi o9 Q2 8) 
2.0 @.0 
Olof C2 o} 
O22 2.7 
Q2e7 02-9 
G29 035.0 
0300 03.0 
S2 Bal 
@o9 0365 
0365 0369 
O35 03 9 
0309 04.0 
@0:7. 1.1 
01-0 = 01 of 
Ol ok O17 
91.6. 01.8 
01.8 0129 
0103 = OB 
0109 W.7 
Q2-6 03.2 
Q5ei 0365 
0365 036 
CoD 0361 
Q2.8 03-9 
03-9 04.8 
O46 052 
O5el 05e3 
27 O82 
O3ef 052 
052 06.3 
062 06.8 
06.8. O70 


eis: 
t{1-Q—)T 7 


3 
0009 01-0 
Q1.0 01.0 
01.0 01.0 
01-0 01-0 
01-0. 01.0 
01-8 01.9 
01.9 @.0 
2.0 2.0 
Q2 OQ 2 oQ 
2.0 2.0 
@6 02.8 
8 @.9 
03-0 039 
03-0 030 
03-0 03.0 
0305 OF e7 
03-8 03.9 
0309 039 
04.0 O4.0 
04-0 04.0 
O1e3 = 01 
OF .5 = Qe 
01.8 1.8 
0109 079 
01.9 01.9 
6 2.9 
03-0 0363 
O34 03565 
Q3-6 03.6 
03-6 0326 
03-8 04.3 
04.5 O48 
0501 052 
0503 0563 
0505 05035 
O5el O507 
06-0 O64 
06-7. 06.9 
07-0 07.0 
OT o1 OT «1 


m/B 


QT 0 
OT 0 
Q1 0 
Qi 0 
O1 0 


O01 9 
02 0D 
02 2O 
02 0 
02 0 


G2 9 
02 9 
03 0 
03 00 
OF 9 


03 68 
03 9 
oh 00 
O4 oO 
O%4 0 


01 6 
Q1 8 


O1 oD 


Q1 9 
O1 9 


03 of 
Q4 of 
03 06 
03 06 
Q3 6 


ok 6 
050 
0503 
0505 
0503 


06 .0 
06 6 
OT 0 
O7 o1 
O77 ef 


6 
Q7 0 
Qi 0 
Q7 00 
Q1 0 
O1 20 


01 9 
02 9 
02 09 
Q2 «OQ 
02 oO 


02 9 
03 eO 
03 «0 
Q3 «0 
Q3 09 


03 8 
03 9 
O40 
Ok 0 
O40 


Ql e7 
Q1 8 
01 9 
01 9 
Q1 9 


Q3 2 
03 5 
03 06 
Q3 06 
Q3 6 


O48 
O51 
0563 
05.3 
05 05 


06 3 
06.8 
O7 -0 
QT ol 
OT 1 


7 
O1 0 
Q1 «0 
Q1 0 
Q1 20 
O71 «9 


02 00 
02 09 
2 oO 
02 -O 
02 00 


02 9 
Q3 00 
03 09 


03 00 


Q3 09 


03 9 


03 09. 


O4 60 
O4 60 
O4 .0 


O1 of 
01.8 
Q1 9 
01 9 
O1 9 


03 03 
03 05 
03 6 
03 6 
03 06 


O4 9 
O05 <2 
04 03 
05 03 
0505 


06.5 
06.9 
OT 00 
OT of 
O7 o1 


8 
O1 0 
Oi A 
Q1 0 
Q1 20 
O1 -O 


02 00 
02 00 
02 20 
O2 00 
02 00 


02 9 
Q3 eC 
03 00 
O35 0 
QF 0 


03 9 
03 9 
O4 20 
O4 00 
Ok 0 


01 .8 
01 8 
01 9 
01 9 
O1 9 


03 olf 
03 05 
Q3 06 
03 06 
03 6 


O50 
052 
053 
0505 
O50) 


06 6 
06.9 
OT 0 
O7 ol 
OT o1 


~re te a 
¥ if -—- Yi on 
ut 


' \) be 
hb) le 
1S inane n 
“ Mant ey ee aie 
> iy 
¥ au dit 
“7g wot 4 
*,. i 
mi 
: hoe, 1 
: ra 
me FE 
" 
c iy 
or" ? 
~~ 
i ‘4 
HY 
Aly, 


A ‘ 
ee 


ut 

Se 
* AT 
ae , 


vi i 

- 4%. « 

AP > ‘ j 
“es i 
i 

ha 


ii 
> aw 
7 an ad 
. Le i<) 
* 7 
pt ‘ey 
J 
Ye | i 


s i 
Se 
in 232 ee 


= 2 


p(T,t) = t[1-G-Le2 yey 
m/B 


267505 © 00.7 O12 Of.5 01.8 6159 @O. M11 we 
20 1503 3 01-60 01-66 01-9 O2cl @2 2.5 O05 203 


201503 -f @©0 C35 Ch eh Ch Ch Ch Cod 
20 1505 9 @235 Ct CH Ch CH Clb Ck Ooh 


201506 2 Ole Wes 0300 OFeh 0367 03-9 Ohe1 O42 
201506 . ©@.0 0303 03-6 O%.0 O82 O4.3 O48 OOD 
20 15 06 05 0300 0309 O85 O4-5 084.5 O46 O41-6 O46 


201506 .9 Oho Oho6 O16 O86 Oh.6 O4-6 O46 04.6 


201509 2 @.1 03-5 Oheh 05-0 05-5 05-8 06.0 062 


20 1509 .9 06-5 06-8 06.8 06.8 06.8 06.8 06.8 06.8 


Pei5 12 2 €.0. 04.6 95.8. 06.6 97T2 07-7. 08.0 082. 
201512 5 O40 06.0 O7-1 O7-8 082 085 08.6 08.8 
201512 -5 05-9 o7T-7 O08 08.7 08.9 08.9 09.0 09.0 
201512 -7 O7-% 08.6 08.9 09.0 09.0 09.0 09.0 09.0 
201512 9 08.6 09.0 09-0 09.0 09.0 09.0 09.0 09.0 


2029004 2 O0-T. 01-5 01-6 0169 @1 @2 ©.3 Col 
20 20 Oh 0 Olel Olof C200 3 Wed 02.5 2-6 W.6 
292008 25 Glel @5 @.5 @6 @-]. @.7 ©. Wel 
Serogh .f 1 C6 C61. GS. &-1. CT &7T C.7 
=o700h 9 @56 @.1 @.1 @-i @T @.7.@-l @oelT 


20 20 08 2 0165 We5 03-2 O3507 O40 O465 O45 O47 
20 20 08 5 @el 03-5 O80 Oheb O47 O4.9 05.00 O5e! 
20 20 08 .5 03.2 O88 O8-8 05.0 052 052 052 052 
25920 66.7 GhS 05.0 052 052 052 052 053 0565 
20 20 08 .9 O49 052 O52 0563 0503 0503 0505 0505 


262012 2 @2 Of Oh-T O5ch 06.0 06.4 06.7 06.9 
20 20 12 03 O5el O49 05.9 0665 0609 O72 OT 07-5 
202012 <5 Gho8 96.5 O72 0765 OF-6 OT-7 OT-7- 07.8 
Seed? if G62 O75 C146 O727 -07-8. 07.8 of.8 07.8 
2092602 <9 B75 Olel O746 07.6 O78. 07.8 07.8 07.8 


202016 2 @.9 O4.9 06-5 O72 07-9 085 08.9 092 
202016 .5 Oh 06.5 07-8 08.7 092 09.5 09.8 09.9 
202016 .5 O60 08.6 09.5 0969 10c1 102 1063 1063 
292076 <f G82 G9c7T 1001 1063 1005 1025 105 1065 
26 2016 9 6947 102 1025 1065 10¢35 1065 1005 1063 


l-a Bt 


D(T,t) = tf1-(1 = )-F] 
m/B 
B Tt p 1 2 3 6 7 8 
Sogo) 2 G627 @629 61.0 01.0 G1.0 01.0 01.0 01.0 
30 05 01 «3 00-9 0160 01-60 01.60 O10 01200 0100 01.0 
30 0501 .5 01.0 La C1. 61.0 01.0 012 01.0 01.0 
20°05.01 cl @G120 01.66 01.0 61.0 010 01°50 0120 061.0 
30.0501 29 0120 @120 G12 01520 O10 01.20 01.20 01.0 
390.0502 2 o1ek OF1.68 C129 @©0 C0 @C0O0 20 C0 
3005 @ 3 Olef O1-C9 @O0 @0O0 CO 8.0 2.0 @.0 
30 05 @ -5 01.9 0.0 20 @0 @20 82.0 @.0 0 
5005 @ <1 2.0 ©2200 ©2060 @2H0 C0 80 ©O.0 0 
30 05 02 9 @©.0 @0 C20 @.0 CO 2.0 @.0 0.0 
30 0503 2 @el Col 29 C9 03-0 053-00 03-0 03520 
30 05 03 0 @-5 ©@.-9 03-20 0500 05-00 0300 053.0 05-0 
30 05 03 -5 02.9 053.00 03-0 0300 05-0 03-0 03.0 030 
30 05 03 ef 03-0 03200 03-00 03-0 03-0 05-0 03-0 035.0 
30 05 03 0-9 03-0 03-0 03-0 03.0 03-0 05-60 03-0 03.0 
30 05 0h 2 02-8 03-6 0368 0369 O40 O4%.0 O4.0 04.0 
30 05 04 03 03-4 03-8 03.9 O4.0 O%-0 O%.0 O4-0 O40 
30 05 Oh 25 03-8. 04.0 O80 04.0 O40 O8%.0 O40 O40 
30 05 0h .7 O44.0 O8.0 08.0 O8-0 O80 O4.0 O80 O4.0 
30 05 Ok 9 Oh.0 O8.0 O%-0 04.0 O80 O80 O80 O40 
s046@ @ © 00.9 oie @1:56 @1.66 o1-6 01.69 01-9 149 
3010 @ 3 O12 O1.67 @1-8 01.69 01.9 01.69 01.9 0 
53010 @ 5 O106 01-9 01-9 0 @.0 02-0 02.0 ©@.0 
39010 @ <f. 166 01.49 @©2©0 ©@20 C20 70 C0 @.0 
5040 @ 29 0149. @.0 ©2200 ©20 ©0 P70 20 €.0 
301008 2 01-6 O2<7 G2 O34 03-6 O81 0307 05.8 
30 10 Ok 03 O2oh 0302 0505 0507 0308 0308 03-8 035.8 
3010 08 «5 652 05-1 @68 05.68 053-9 03569 0569 0569 
30 10 O% 0-7 05306 0308 0329 0369 03069 03569 05¢9 0369 
30 10 Ob 09 0308 0369 0309 0509 05309 0309 0309 03509 
5301006 2 @ef Oh.O O4.7 O51 05.5 O5ck 0525 05.6 
30 10 06 .5 03-06 0408 0503 0505 05-6 O567 O5ef O5ef 
3010 06 65 Obe7 0565 05066 O57 05-7 05-8 05-8 05-8 
3010 06 67 O5e%  O567 0508 0568 05-8 05-8 05-8 05.8 
3010 06 29 05-7 05-8 05-8 05.8 05-8 05.8 05-8 05-8 
30 10 08 2 0366 O54 O62 0667 O7.0 O72 O7-3 OT7eh 
30 10 08 65 04-8 0664 0700 0723 O7% O07 05 O7-6 07-6 
39010 08 £5 0605 O72 07-5 07.6 O76 O767 OTe% OTT 
3010 O08 sf Giel O7-6 07-6 OTef OGTef Giel OTT OT ef 
3010 08 .9 O7<5 Olel O7cef OF ef Ofc O7ef OF -f OT ef 


D(T,t) = t[{[1-(1 


Q1 <0 
Ol of 
02 20 
C2 «4 
02 06 


02 00 
ge 8 
03 69 
04 06 
O5e1 


03 00 
O41 
05.8 
06 9 
07 -6 


O04 00 
0505 
OT of 
09.2 
10 2 


O1 «1 
O1 05 
02 02 
02 ef 
03 el 


02 of 
02 9 
O43 
0503 
06 e1 


03 of 
O4 of 
06 4 
07 9 


O9e1 


O42 
05.8 
08.5 
105 
12 0 


02 «0 
02 «3 
02 06 


02 of 


03 8 
04 05 
O5e1 
0563 
0503 


0567 
06 «7 
07 6 
O07 9 
OF 9 


OT 06 


Pe 


t 


08.9 


106i 


10 o% 
1005 


C2 «2 
02 06 
Q3 el 
03 2 
Q3 03 


O4 2 
O51 
06 0 
06 3 
06 4 


06 3 
07 06 
08.9 
O9 ok 
0905 


08.4 
10.2 
11 9 
12 5 
12 6 


Bt 
a “Fi 


m/B 
4 


02 «2 
02 05 
02 ef 
02 of 
C2 of 


O4 3 
ob .8 
05.2 
055 
0505 


06.3 
O7 2 
07 -8 
07 9 
OT 9 


08.4 
09-5 


- 1063 


10 e5 
10 05 


02 «5 
02 «9 
OF «2 
05 05 
O05 03 


04.8 
05-6 
06.2 
06 -& 
06 4 


OT «2 
98.3 
09.2 
0965 
09-5 


0965 
11.0 
12 2 
12 6 


12 6 


~25- 


C2 03 
Q2 6 
02 «7 
say | 
Q2 .7 


O4 06 
05.0 
0503 
0505 
O50) 


96.8 
OT o4 
07-8 
OT 9 
07 9 


09.0 
09.9 
10 4 
10.5 
10.5 


02 ef 
O35 00 
03 2 
O05 05 
O5 23 


05.2 
059 
06 03 
06 o4 
06 oy 


O7 of 
08.7 
O9 ok 
09.5 
0965 


10 3 
11.26 
12 ok 
12 6 
12 6 


6 


02 oh 
02 .6 


- 02 of 


Q2 of 
02 of 


04.8 
0561 

0503 
05605 
0503 


OT o1 
O7 06 
O7 9 
QT 9 
OT 9 


09k 


reer 
105 
10 05 
1065 


oe .8 
Q3 o1 
QO} «3 
Q3 03 
05 03 


05-5 
06.0 
06 3 
06 4 
06 4 


08.2 
09.0 
09 
09.5 
095 


10.8 
119 
12 5 
12.26 
12 .6 


7 


02 05 
02 of 
02 ef 
02 of 
02 of 


O4 29 
052 
05 05 
0505 
0505 


07 03 
QT «7 
07 9 
O07 9 
07 9 


O9eT 
10 «2 
1065 
1065 
1025 


02 9 
OF 2 
OD 3 
O05 05 
05 03 


O57 
06 1 
06 o& 
06 4 
06 4 


08.5 
09.1 

09.5 
09.5 
09.5 


113 
12 1 
12 06 
12 6 
12 6 


8 


2 6 
02 of 
Q2 of 
02 of 
02 of 


0500 
05.2 
053 
0503 
0505 


O7 o4 
07 8 
07 9 
OT 9 
O07 9 


09.9 
10 05 
105 
1065 
10¢5 


035 0 
05 2 
O5 05 
Q3 03 
05 03 


05.9 
06 2 
06 o4 
06 oh 
06 4 


08.7 
09.2 
095 
09-5 
09.5 


11 © 
12 4 
12 .6 
12 26 
12 6 


7. Bt 
D(T,t) = t{1-(1-—-) T] 


OT W 
ar 


OoOooco 


01 
O71 


= = 


tp 


7) 
) 
of 
9 


SSEEE F55E 


oooo°o 


ooo0o oO 
WUT UT UT I 


oooo © 


SSE E5555 SESES 
WOU UI 


ad ad aed 
Ooo 


ho 10 
ko 10 


WIT U1 U1 U1 SET UO UT 


SESE GSSSS KBRRBB 
wn 


B% 
bi fo 


009 
QI 0 
O1 «0 
OT 00 


Q1 6 
01 9 
02 .0 
02 20 
02 .0 


02 ef 
02 8 
03 00 
05 <0 
03 00 


Q5 «2 
03 ef 
03 09 
O4 60 
O40 


O1 of 
01 5 
01 8 
01 9 
02 20 


02 2 
02 9 
03 05 
03-8 
03 9 


03 03 
O4 2 
0565 
O5e7 
059 


Ok 
056 
O7 0 
07 -6 
07-8 


Qi 0B 
QO1 0 
Q1 0 
O1 eO 


Q1 0 
O1 «0 
Q1 0 
O1 «0 


Q2 00 
02 «OQ 
02 00 
02 «0 
02 00 


Q3 eO 
Q3 0 
Q3 «0 
03 «0 
03 «0 


m/B 


1 2 3 4 3 6 7 8 
O01 2 Q0-« 01060 O1¢0 0100 01-60 0120 O10 01.0 


QO1 0 
Q1 0 
Q1 «0 
O1 00 


02 20 
02 0 
02 «O 
02 20 
02 0 


03 00 
03 00 
OF eO 
03 eO 
Q3 20 


O4 20 
O40 
(e)/ ae) 
O4 0 
04 0 


01 9 
02 0 
02 00 
G2 0 
02 «0 


04 of 
03 9 
03 9 
O4 60 
6) We) 


0505 
05-8 
059 
059 
0509 


OF «3 
OT of 
OT 09 
OT 9 
O7 9 


~26— 


O1 00 
Q1 0 
O1 0 
Q1 00 


02 20 
02 00 
Q2 00 
02 00 
C2 09 


Q3 00 
Q3 20 
Q3 00 
Q3 00 
Q3 0 


O4 0 
O04 60 
O4 00 
OL 20 
O4 00 


01 9 
02 0 
02 60 
02 00 
02 00 


03 8 
03 09 
04.0 
O40 
04 .0 


O57 
05.8 
0509 
059 
059 


07 5 
07.8 
OT 9 
O07 9 
07 9 


Q1 0 
QO1 0 
Qi «0 
O1 0 


02 20 
02 «0 
02 20 
02 0 
02 00 


O35 00 
03-0 
Q3 09 
Q3 0 
Q3 20 


O40 
O40 
O40 
O4 60 
O4 60 


01 9 
02 eO 
02 «OQ 
02 «O 
Q2 <0 


03 8 
03 9 
O4 0 
O4 0 
O4 20 


O5ef 
0509 
0509 
0509 
059 


07 6 
07-8 
07 9 
OT 09 
07 -9 


O1 0 
Qi 0 
O1 00 
QO1 0 


02 00 
02 0 
02 0 
02 00 
02 20 


Q3 00 
03 00 
Q3 0O 
03 00 
Q3 20 


(e) xe) 
O4 20 
O4 60 
(e) Re) 
O4 20 


Q2 00 
02 00 
G2 0 
02 «OQ 
02 0 


03 09 
03 9 
O40 
04.0 
O4 20 


05.8 
0509 
0509 
0569 
059 


O7 «7 
07-8 
07 9 
O07 9 
O07 9 


Ok .0 


05.8 
0529 
05-9 
0569 
05-9 


07 8 
O7 9 
07 9 
OT 9 
O07 9 


i , i} 
fz 
*\ 
rr 
D 
q 
" 4 f 
} ib 
27) 
A er | am lt 
7 c as 
eee F a Se a oh 
” ° eee A , . A He 
x ie Re SC Te Linke a Poo. re bene 
i i is — v 
r e re ‘ 


ae | We ey 
ae +e 


. 
Lae 


ee. 
7 Se 
0 ye 
— 
7 1 
a x 
4 j 
s 
J aK 
‘+ 
ei 
( L® pt 
ri 
y= 
cm 
. 
s 
? 
\ 
© 
. 
¥ 
~ 
s 
= yy 
. 
a 
? fi 
* t 
» r : 
i i y, 
‘ * b,  ). 
fal 
a q 


CO: RalO RO Qenge ae 


s 


aha ae alae 
ro cree Se ewe eye) 


t 
m/B 
Sp oe a ee | 2 3 4 6 7 8 
4S 15/85 2 G165 “01.9 O65 +©.5 @©.6 @.7. ef. @.8 
hO 1503 o Olel @-5 O26 @.7 @2.8 @w.8. 02.8 .9 
WO 1505 25 @.3 @.7 02:6 @.9 ©.9 ©@.9 @.9 ©.9 
491505 0 @-6 @.8 @2.9 ©@.9 2.9 @.9 9 C9 
40 1503 09 C228 @e9 O29 We9 02.9 C@e9 9 0229 
191506 2 @.5 0308 O85 - O49: 0561 0565 O5e4 O5eh 
ko 1506 25 O03<4 08-6°05-1 05255 O5e% 0565 05.6 05.6 
915 06 05 O45 0505 05205 05-6. 05.6 O50f O50 O05e7 
M15 G6 ef O52 05-6 05.6 05-7 05.7 9567. O57. O57 
BG 15 O06 09 65.6 O5ef -O050f @5e1 O507 O5el O5ef O5e7 
40.15.09 2 0368 0506 06.6 07-2 07-6 07-8 08.0 0821 
40 15.09 2 0500 0668 07-5 07-9 081 082 08.3 084 
ho 1509 »&5> 06.7 07.9 082 08.4 08.4 08.4. 08.5 08.5 
ho 1509 oJ O7-7. 08:3 084 08.5 085 085 085 08.5 
ho 15 09 9 08.5 08.5 08.5 08.5 085 085 08.5 08.5 
Wg 1512 2 05.0 “07-5 08.8 09.6 10.1 10,4 10.6 10.8 
WO 15 12 23 O6cef G9.0 1060 1065 10-8 1160 1141 1161 
RG 9512 35 ©8.9 1665 10.9 11.1 112 112 112 1163 
BOGS 12 ef G22 1160 1162 1162 1165 112653 1164 116 
TN 5S Sees es es fs rio ms fs eso eo a We SP 
ke 20 Ok 2 0165 @el @.6 G29 OFcl 052 03-5. O03 ch 
hG 20 G4 25 «(61690 ol G5) 0505 5K 55 OD. 05.05 
ho 20 Oh -5 02066 032 OFc 03¢5 0306 0506 0366 03,6 
ho 20 Oh «7 0301 0305 05306 0306 0306 0306 03.06 03.6 
ho 20 Oh 269 03065 0506 03-6 0306 0306 0326 0306 03.6 
ho 2908 2 @cl Oh O5el 05-7 06.0 06.3 06.5 06.6 
ho 20 08 63 0367 «052 06.00 O6ch 06-6 06.8 06.9 06.9 
ho 20 08 65 05-2 0663 0607 0609 07-60 O7-0 O7-0 O70 
ho 20 08 «67. C62 0668 07.0 07-0 O7e1 O71 OF 1 OF 
ko 20 66 29 06.6 6750 O71 O71 Of -l OT7-l OF -1 Of 1 
he 2012 2 Gh.o @62 07-6 084 09.0 O98 09-7. 0929 
hO 20 12 03 05-5 07¢8- 0829 0965 0909 10c1 102 1063 
hQ 2012 05 O7ef 09¢5 10c1 1005 10e4 1005 1005 1005 
BO 26 12 of G92 BOL 104 -1005 1065 1065 1005 105 
kG 20 12 «9 102 1065 1005: 1005 :°10¢5 10065 10¢5 1005 
ho 2016 2 0563 08-3 1061 112 1169 1265 1208 136! 
h6 2016 25 @is3 1065 1168 12-66 1301 13504 1506 13507 
MO 20716 65 102 126651354 1307 -136 1309 1309 14.0 
ho 20 16 67 122 1365 1309 1309 1400 1460 14260 14.0 
ho 20 16 09 13065 1309 14-60 1460 1400 14-0 14.0 14.0 


D(T,t) = 


t{1-(1 


eo te 
128 =F] 


i 
: 
4 
1 
: 
? 
7 
5 
i\* 
- { y 
; 
Ge ( ! 
~~ 
i« % a 
= Pd a 
ale: Med ' 
Os. &if 
i PM 
et 


F ; 
Ss. i 
a § a a: 
, 
Wi e 
A 
‘ 
+ 
: 
; 
) 
s 
* 


HO de TO ee & 
&€o 2,06 in “i SHE 
oO} in f’ he. we : 
cil de Of or 
CoO he Qar ; or 


Se 1f “ nor” 
os SI si ea , ua 


T.83) 


Loss in Attrition 


Due to Degradation of Information 


as dependent on number of shots per battery (m/B) 
for different characteristic kill probabilities (p) 


(For definitions see p. 1) 


10 Batteries, 5 Targets 
Information on 1 target 
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Figure 1 


40 Batteries, 20 Targets 
Tnformation on 16 targets 
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Figure 2 
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Loss in Attrition 


Due to Degradation of Information 


as dependent on number of batteries (B) 
for different numbers of targets on which information is received (t) 
Characteristic Kill ay ead =,5 
Shots per battery m/B = 


(For definitions see p. 1) 


5 Targets 


lo Targets 


a(T,t)= 
= KT) - E(t) 
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Loss in Attrition 


Due to Degradation of Information 


as dependent on number of batteries (B) 
for different numbers of targets on which information is received (t) 
Characteristic Kill Probability p = .5 
Shots per battery m/B = ). 


(For definitions see p. 1) 
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Figure 6 
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Remaining Attrition 
After Degradation of Information 


as dependent on number of shots per battery (m/B) 
for different characteristic kill probabilities (p) 


(For definitions see p. 10) 


10 Batteries, 5 Targets 
Information on targets 
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4O Batteries, 20 Targets 
Information on 12 targets 
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Remaining Attrition 
After Degradation of Information 


as dependent on number of batteries (B) 
for different numbers of targets on which information is received (t) 
Characteristic kill probability p= .5 
Shots per battery m/B = 


(For definitions see p. 10) 
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Remaining Attrition 
After Degradation of Information 


as dependent on number of batteries (B) 
for different numbers of targets on which information is received (t) 
Characteristic kill probability p = .5 
Shots per battery m/B= 


(For definitions see p. 10) 


15 Targets 


20 Targets 
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Remaining Attrition 
After Reserving Batteries to Allow for 
Degradation of Information 


as dependent on number of shots per battery (m/B) 
for different characteristic kill probabilities (p) 


(For definitions see p. 19) 


10 Batteries, 5 Targets 


Information on ]} targets 


hO Batteries, 20 Targets 
Information on 12 targets 
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Remaining Attrition 
After Reserving Batteries to Allow for 
Degradation of Information 


as dependent on number of batteries (B) 
for different numbers of targets on which information is received (t) 
Characteristic kill probability p= .5 
Shots per battery m/B = 


(For definitions see p. 19) 
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Figure 16 
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Remaining Attrition . 
After Reserving Batteries to Allow for 
Degradation of Information 


as dependent on number of batteries (B) 
for different numbers of targets on which information is received (t) 
Characteristic kill probability p= .5 
Shots per battery m/B =) 


(For definitions see p. 19) 


15 Targets 


Figure 17 


20 Targets 
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THE NATIONAL BUREAU OF STANDARDS 
Functions and Activities 


The functions of the National Bureau of Standards are set forth in the Act of Congress, March 
3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and 
maintenance of the national standards of measurement and the provision of means and methods 
for making measurements consistent with these standards; the determination of physical constants 
and properties of materials; the development of methods and instruments for testing materials, 
devices, and structures; advisory services to Government Agencies on scientific and technical 
problems; invention and development of devices to serve special needs of the Government; and the 
development of standard practices, codes, and specifications. The work includes basic and applied 
research, development, engineering, instrumentation, testing, evaluation, calibration services, and 
various consultation and information services. A major portion of the Bureau’s work is performed 
for other Government Agencies, particularly the Department of Defense and the Atomic Energy 
Commission. The scope of activities is suggested by the listing of divisions and sections on the 


inside of the front cover. 
Reports and Publications 


The results of the Bureau’s work take the form of either actual equipment and devices or 
published papers and reports. Reports are issued to the sponsoring agency of a particular project 
or program. Published papers appear either in the Bureau’s own series of publications or in the 
journals of professional and scientific societies. The Bureau itself publishes three monthly peri- 
odicals, available from the Government Printing Office: The Journal of Research, which presents 
complete papers reporting technical investigations: the Technical News Bulletin, which presents 
summary and preliminary reports on work in progress: and Basic Radio Propagation Predictions, 
which provides data for determining the best frequencies to use for radio communications throughout 
the world. There are also five series of nonperiodical publications: The Applied Mathematics 
Series, Circulars, Handbooks, Building Materials and Struétures Reports, and Miscellaneous 
Publications. 

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of 
the National Bureau of Standards ($1.25) and its Supplement ($0.75), available from the Superin- 
tendent of Documents. Government Printing Office. Washington 25, D. C. 

Inquiries regarding the Bureau’s reports should be addressed to the Office of Technical Informa- 


tion, National Bureau of Standards, Washington 25, D. C. 
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